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The present invention is a system for providing GPS users with a high level of 
confidence in the integrity and accuracy of received GPS signals. The system 
provides a means for each GPS satellite itself to verify the accuracy and/or 
integrity of its own operations by calculations and processing internal to the GPS 
satellite and by crosslink communications with other GPS satellites in the GPS 
constellation. After a GPS satellite verifies the accuracy and/or integrity of its 
own signals, the GPS satellite transmits an integrity message to all GPS users in 
view of the satellite. The integrity message can alert GPS users to a loss of 
integrity or accuracy in the GPS signals. Alternatively, the integrity message can 
contain information to correct errors in the GPS signals. The integrity message can 
be incorporated into the existing GPS navigation message transmitted by GPS 
satellites, or the integrity message can be transmitted over a separate channel 
such as the planned L5 band channel. 

42 Claims, 3 Drawing figures 
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TITLE: Satellite integrity monitor and alert 



Brief Summary Text (4) : 

The Global Positioning System (GPS) consists of 24 earth-orbiting satellites. The 
GPS satellites broadcast a navigation message via a radio frequency ( RF) signal . 
This signal allows any individual with a GPS receiver to process the GPS signals 
and determine his or her precise longitude, latitude, altitude, velocity and time 
anywhere in the world. 

Brief Summary Text (8) : 

Other proposed systems which utilize GPS signals include intelligent highway 
systems. These intelligent highway systems use GPS signals to manage traffic by 
providing autonavigation for the automobiles on the freeways. Similar systems have 
been proposed for trains. Thus, it will be a very important safety issue for these 
systems to ensure the integrity of the received GPS signals. 

Detailed Description Text (15): 

A copy of the digital navigation message 102 is stored in a memory 118. The 
navigation message 102 is then sent to a modulator 103. Modulator 103 encodes the 
digital navigation message 102 into an RF carrier signal . Modulator 103 outputs an 
encoded RF signal 105 to transmitter 104. A digitizer 109 digitizes the RF signal 
105 and stores digital data representing the waveform of RF signal 105 in a memory 



Detailed Description Text (16): 

Transmitter 104 outputs a signal 108 to GPS L-band mission antenna 110. Antenna 110 
transmits a radio frequency GPS signal 112 to GPS users in view of the satellite. A 
waveform monitor antenna 114 is mounted on the GPS satellite in a side lobe of the 
satellite's L-band mission antenna 110 and is constructed to provide more than 60 
dB of signal attenuation. Waveform monitor antenna 114 receives the electromagnetic 
RF signal 112 being transmitted by GPS transmitting antenna 110. The waveform 
monitor antenna 114 thus allows the GPS satellite to listen to the very signal that 
it is transmitting. 

Detailed Description Text (17) : 

The waveform monitor receiver 116 receives the RF signal 112 from waveform monitor 
antenna 114. A waveform monitor processor 128 receives the RF signal 112 from 
waveform monitor receiver 116. Waveform monitor processor 128 extracts the digital 
navigation message encoded in the RF signal 112. Waveform monitor processor 128 
performs one or both of the following checks: 1) compares the digital navigation 
message received from the waveform monitor receiver 116 with the digital navigation 
message stored in memory 118, and/or 2) correlates the waveform of the RF signal 
112 received from the waveform monitor receiver 116 with the waveform data stored 
in memory 120. 

Detailed Description Text (20) : 

As an example of waveform monitor operation, if a transmitter element should fail 
such as transmitter output amplifier 106, the output of transmitter 104 will be 



120. 
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distorted. The RF signal 112 transmitted to GPS users will correspondingly be 
corrupted. The waveform monitor receiver 116 will receive this corrupted RF signal 
112. Waveform monitor processor 128 will compare the corrupted RF signal 112 to the 
RF waveform data stored in memory 120. -Waveform monitor processor 114 will also 
attempt to extract a digital navigation message from corrupted RF signal 112 and 
compare it to the digital navigation message stored in memory 118. By performing 
these comparisons, the waveform monitor processor 128 should thereby detect that 
the transmitted RF signal 112 is corrupted. 

Detailed Description Text (21): 

The waveform monitor antenna 114, as just described, monitors the RF signal 
transmitted from GPS L-band mission antenna 110. However, as an alternative, the 
waveform monitor 116 could monitor the transmitted waveform in other ways. For 
example, the waveform monitor 116 could tap off the output of transmitter output 
amplifier 106, and thus monitor the signal 108 coming out of the transmitter output 
amplifier 106 (this is indicated by the dotted arrow) . This signal could then be 
compared to the data stored in memories 118 and memories 120. It is also possible 
that the signal could be stored in memory at different locations than the locations 
shown in FIG. 1. For example, signal 102 between processor 100 and modulator 103 
could be stored in memory, and later verified. In this way, the waveform monitor 
could isolate which portion of the system was producing a distorted waveform, and 
thereby identify the malfunctioning component. The waveform monitor system just 
described could also be used on other systems besides GPS satellite systems. The 
waveform monitor could be used on other types of satellite systems, or more 
generally space vehicles or any transmitting system to verify the integrity of the 
transmitted signal. 

Detailed Description Text (37): 

The RF signal pulse emitted by beacon 302 is detected by sensors on the GPS 
satellites 300. The RF signal pulse is decoded and processed onboard each GPS 
satellite 300. Each GPS satellite 300 calculates beacon position data such as the 
distance between the GPS satellite 300 and beacon 302. Each GPS satellite 300 then 
transmits the beacon position data to the other in-view GPS satellites via inter- 
satellite links 304. The beacon position data allows each GPS satellite 300 to 
calculate the relative position of beacon 302. This process can be repeated as 
frequently as is necessary to provide the desired accuracy. 
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